Varna. Pollutants such as general and fine particulate matter with particle diameters up to 10 µg/m3 (FPM10), ozone, nitrogen oxide, dioxide and total general nitrogen oxides, and mean 24-hour values of meteorological parameters were monitored. Results: The independent influence of FPM10 on frequency of AMI hospitalizations is described using a linear regression model. In all combined methods, the standardized Beta coefficients are higher than that of isolated FPM action. In combination with the meteorological parameters model, the influence of FPM is increased, and air movement velocity is a protector. The combination of FPMs with the other pollutants-ozone, non-methane hydrocarbons, nitrogen dioxide, total hydrocarbons and carbon oxide is connected with the highest risk for AMI.
Introduction
A number of studies have revealed the relationship between early and late effects of atmospheric pollution in cities with high level of urbanization and an increased risk of cardio-vascular diseases [1] [2] [3] . Some Bulgarian researchers have indicated that hydrogen sulphide, lead and nitrogen oxide are cardiotoxic air pollutants [4, 5] .
Bulgarian studies. Further research on the influence of particulate matter in both an isolated and a combined model is necessary.
The aim of the present study is to investigate the possible relationship between atmospheric particulate matter concentration and the frequency of AMI by controlling environmental factors that determine different individual sensitivity (professional exposition, presence of risk factors such as sex, age, risky habits, accompanying chronic diseases, and heredity
Materials and methods
The relationship between air quality and the frequency of AMI hospitalizations between October 2004 and December 2005 was explored. We analyzed data from the Regional Inspectorate of Environment and Water (RIEW) and the Regional Inspectorate of Protection and Control of Public Health (RIPCPH) in Varna, for the mean daily values of atmospheric pollutants and data from the Intensive Cardiologic Clinic (ICC) of St Marina University Hospital in Varna, including newly registered patients for each day. Samples were taken at four stationary points in the city of Varna (three manually and one automatically) as part of an air quality monitoring system. The permanent monitoring points of RIEW are localized in the localities of "Ian Palach St." (automatic analysis) and "Batac St.", and those of RIPCPH are in the region of "Black Sea Hotel" and "Vladislav Varnenchik" quarter. The following atmospheric pollutants were monitored: general particulate matter and FPM with particle diameters up to 10 µg/m 3 (FPM 10 ), ozone, nitrogen oxide, dioxide and total general nitrogen oxides, sulphur dioxide, carbon oxide, lead, methane, non-methane and total hydrocarbons, ammonium and hydrogen sulphide. The mean 24-hour values of the meteorological parameters of the local air were determined: temperature, relative humidity, air movement velocity and direction, sun radiation, atmospheric pressure. In all, 5257 mean 24-hour samples were analyzed and grouped as follows: 506 (9.10%) samples for FPM, 529 (9.51%) for general particulate matter, 409 (7.36%) for ozone, 350 (6.29%) for nitrogen oxide, 1013 (18.22%) for nitrogen dioxide, 218 (3.92%) for total nitrogen oxides, 842 (15.14%) for sulphur dioxide, 83 (1.49%) for lead aerosols, 296 (5.32%) for carbon oxide, 59 (1.06) for methane hydrocarbons, 375 (6.74%) non methane hydrocarbons, 344 (6.19%) for total hydrocarbons, 251 (4.51%) for ammonia, 233 (4.19%) for hydrogen sulphide and 52 (0.94%) for benzol. The methods for gas analysis used are based on unified firm methods in the country. Only hospitalized citizens of the city of Varna were included in the analysis.
All statistical analysis was performed using SPSS version 17.0 k (SPSS Inc., Chicago, IL, USA). Data were presented as mean ± standard deviation (SD) or as the number of patients (as a percentage of the entire cohort). Because the distributions of continuous data were skewed, nonparametric methods were used for group comparison and correlation analyses. Differences between groups were analyzed with the independent samples T test or the Mann-Whitney U-test, where appropriate. We used linear regression analysis to predict the values of quantitative variables, and logistic regression analysis for quantitative assessment of the probability of developing of a disease (y) in relation to the exposure to the risk factor under examination (x). Independent risk factors were identified using the multivariate logistic regression analysis. A result was deemed statistically significant when p < 0.05.
Results
In the study period from 01.10.2004 to 31.12.2005, 591 patients were admitted at ICC and diagnosed with AMI; 397 (67.2%) men and 194 (32.8%) women (Table 1) . Mean age was 63.93 ± 0.49 years (from 18 to 93 years). The mean age of the men was significantly lower than that of the women and was in the range of the work capability age for men according to normative basis of the Republic of Bulgaria.
Baseline characteristics of the analyzed pollutants in the study period
The baseline characteristics of the monitored atmospheric pollutants and the values of the meteorological parameters in the study period are presented in Table 2 .
The mean concentrations of FPM10 are within referent range. The values are higher at the "Batac St" point, The influence of the atmospheric FPM 10 concentrations on AMI hospitalization frequency of the citizens of Varna varies according to a combined interaction with meteorological parameters and with the other atmospheric pollutants. The highest regression coefficients are determined by the combined action with the meteorological parameters; FPM and air movement velocity yield statistically significant regression coefficients.
In other controlled air pollutants, the effect of FPM pollution on the frequency of AMI is influenced by ozone, nitrogen oxide, carbon oxide, non-methane and total hydrocarbons, together and separately ( Figure 1) . In all combined models, the standardized coefficient Beta, which describes the regression correlation, is higher than that of the independent action of FPM on AMI hospitalizations. In the model that accounts for meteorological parameters, the power of FPM is increased In a multivariate AMI prognostic model including ozone, nitrogen dioxide, carbon oxide, non-methane and total hydrocarbons, relative humidity and air movement velocity, FPM 10 has the greatest effect (Beta 0.236 р<0,01).
The correlation between particulate matter atmospheric pollution and the frequency of AMI hospitalizations is influenced not only by its interaction with meteorological parameters and with the atmospheric pollutants, but also by individual sensitivity of the person exposed. We determined different regression coefficients according to the age-and sex-related characteristics of the patients with AMI, the presence of conventional risk factors (hypertension, diabetes, hypercholesterolemia, overweight, smoking) (Table 3) , and also according to the characteristics of the work environment (Table 4) .
We found the highest regression coefficients of the influence of atmospheric FPM concentration on AMI hospitalizations in men over 65 years old (В 0.011 Beta 0.247 р<0.001) (Figure 2) . Another research group has also reported increased sensitivity of this population group [9] . Significant linear regression correlations were established not only in the AMI patients at retirement age, but also in the younger group of patients -those The potential toxicity of ozone and sulfur dioxide in combination with particular matter exposure has also been an object of active research. The presence of these two pollutants is regarded to be an important determinant of the described correlations between the hospitalizations for respiratory and cardiac diseases in adults and children [11] [12] . Experimental studies in rats and rabbits demonstrate complex results, more often with potentiating [13] [14] [15] rather than with antagonistic effects. A review of these studies reveals an increase of the frequency of hospitalizations ranging from 0.8% to 3.4% with the increase of FPM 10 pollution by 10 µg/ m 3 [16, 17] . Using logistic regression, we found that an increase in the atmospheric concentrations by FPM 10 by 1 µg/ m 3 leads to a higher probability of AMI in people working in low activity occupations with 1.031 (1.002-1.061 р<0.035). The risk increases when humidity is added to the model. In days of increased pollution with respirable particular matter up to 1 µg/m 3 , the risk of at least one AMI in persons in hypokinetic professional groups increases to 1.034 (1.004-1.064) ( Table 5) .
By controlling for the concentrations of sulfur dioxide in the atmospheric air, the odds ratio for AMI in people working in hypokinesia is 1.069 (1.012-1.129) when increasing of FPM 10 pollution by 1 µg/m 3 . Equalizing the ozone concentrations, the risk in the days with FPM 10 pollution > 1 µg/m 3 is 1.031(1.002-1.061) in comparison to the days with FPM 10 ≤ 1 µg/m 3 or in comparison to the days with no increase of FPM 10 concentrations (Table 6) .
More abrupt changes in the increase of FPM 10 atmospheric concentrations by ≥10 µg/m 3 , can increase the risk up to eight times. Controlled by the concentration of nitrogen oxide, the probability of AMI for at least one person in the hypokinetic group in the days with such dynamics of the PM pollution, is 8.328 (1.025-67.648) compared with other days (Table 7) .
In The potential negative effect of episodes of high atmospheric pollution on health has been debated for more than 50 years [4] . In developed countries, cardiovascular diseases are a leading cause of death and are also related to high incidence of morbidity [18, 19] . These countries have high levels of pollution. Since 1990, epidemiologic research has revealed the relationship between the level of atmospheric pollution and human health, as assessed by the level of hospitalizations Table 5 . Odds ratio for AMI in people working in hypokinetic state, according to the mean 24-hour value of FPM 10 at the point of "Ian Palach St." in an independent, combined with ozone and sulfur dioxide, and with relative humidity action. [5] and the mortality rate, including respiratory [2] and cardiovascular mortality [19] . However, the relationship between atmospheric pollution and short-term risk of AMI is still under discussion. Some studies have found a relationship [1, 3, 10] , others do not [1, 17] ; in some cases, a relationship is shown only for some of the pollutants [7, 8] . AMI can be triggered by several factors, among which atmospheric PM pollution has been considered [21] . However, the relative individual risk is lower than that of well-known risk factors such as physical exhaustion, caffeine, alcohol and cocaine consumption. The risk of PM pollution that is shown by our results is also significant on a population level.
Parameters

Conclusion
Atmospheric PM exposure increases the risk of AMI. The level of risk depends on age-and sex-related differences and also varies according to a combined interaction with the other endogenous and exogenous risk factors. The combined influence of PM with the other physical and chemical risk factors in the work environment is also self-potentiating.
PM exposition and hypercholesterolemia interact to increase risk; the cumulative risk is greater than that of each of the factors taken individually. The odds ratio for AMI in the independent action of PM and varies in combination with lifestyle factors. The impact of the atmospheric FPM concentration on the frequency of AMI hospitalizations in the citizens of Varna varied through combined interaction with meteorological parameters and influence combined with other atmospheric pollutants.
The relationship between atmospheric PM pollution and the frequency of AMI hospitalizations is also influenced by the individual sensitivity of the exposed person, e.g., by the presence of conventional risk factors (hypertension, hypercholesterolemia, overweight, smoking) and the characteristics of the working environment.
